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[57] ABSTRACT

In a VHF-UHF mixer having a balun formed by con-

ductor patterns placed on a dielectric substrate, a choke
coil 1s interposed between an input junction of the mixer
and ground, and the input junction may be divided into
two connecting portions which are respectively con-
nected to mixing diodes and a diplexer, where a line
having an inductance is interposed between the two
connecting portions. The choke coil may be a conduc-
tor pattern which 1s interposed between one of the two

connecting portions and ground. The balun comprises
parallel coupling lines including first and second cou-
pling lines which may be formed on different sides of a

dielectric substrate. The substrate for the balun may be
a different one from the substrate of the mixer body.

9 Claims, 11 Drawing Figures
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1
VHF-UHF MIXER HAVING A BALUN

BACKGROUND OF THE INVENTION

This invention relates generally to mixers of low

distortion type, which are used for tuners or the like of

cable television receivers.

In conventional mixers of this type, when transmit-
ting power in VHF-UHF bands from an unbalanced
circutt to a balanced circuit, an unbalanced current
occurs at the connecting portion between these circuits
and therefore spurious radiation and mismatching re-
sult. For this reason, a balun (Balanced to Unbalanced)
is used to remove such drawback.

Most conventional baluns have a structure such that
wires are wound spirally around a core of high permea-
bility. However, such baluns suffer from considerable
conversion loss when the frequency of an input signal 1s
high. Furthemore, it is difficult to set the length of the
wires to be wound so that phase difference between
in-phase signal and antiphase signal is accurately 180
degrees. For these reasons, baluns are actualized re-
cently by way of conductor patterns formed on a sub-
strate without using wound wires.

However, such known conductor-pattern type baluns
suffer from insufficient characteristics in connection
with second order intermodulation distortion, while 1t is

difficult to be mass produced with high accuracy as will
be described in detail hereinlater.

SUMMARY OF THE INVENTION

The present invention has been developed in order to
remove the above-described drawbacks inherent to the
conventional mixers

It 1s, therefore, an object of the present invention to
provide a new and useful mixer which is superior in not
only noise figure and third order intermodulation dis-
tortion characteristics but also in second order inter-
modulation distortion.

Another object of the present invention is to provide
a mixer with a balun, which mixer is of low conversion

- loss and of low variations 1n characteristics, and can be

manufactured without requiring high accuracy in pat-
tern etching.

According to a feature of the present invention a
choke coil 1s provided between ground and an input
junction where an intermediate frequency is outputted
using a local oscillator signal passed through a balun
and an input signal in VHF-UHF bands. Furthermore,
the input junction is divided into two connecting por-
tions which are connected via a line having an inductor.
The balun comprises parallel coupling lines including
first and second coupling lines which may be formed on
different sides of a substrate or a printed circuit board.

In accordance with the present invention there is
provided a mixer of single-balanced type having a balun
for outputting an intermediate frequency at an input
junction using a local oscillator signal fed to an unbal-
anced circuit side of said balun, and a radio frequency
signal inputted to said input junction which 1s con-
nected to a balanced circuit side of said balun, wherein
the improvement comprises a choke coil connected
between said input junction and ground.

In accordance with the present invention there is also
provided a balun comprising a first coupling line having
a line for unbalanced circuit input at one end and an
open-ended line at the other end, and a second coupling

line whose midway point is grounded, said first and
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second coupling lines being formed respectively on
different sides of a printed circuit board.

In accordance with the present invention there is
further provided a mixer characterized by comprising a
balun having a first coupling line having a line for input-
ting local oscillator signal at one end and an open-ended

line at the other end, and a second coupling line having
at 1ts both ends open-ended balanced output lines which
are provided at the both ends respectively for connect-
ing elements of said mixer to an input juction, a midway
point of said second coupling line being grounded, said
first and second coupling lines forming parallel cou-
pling lines which are formed respectively on different
sides of a printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and features of the present invention will
become more readily apparent from the following de-
tailed description of the preferred embodiments taken in
conjunction with the accompanying drawings in which:

FI1G. 1 shows a schematic arrangement of patterns of
a conventional mixer;

FIG. 2 shows a schematic arrangement of patterns of
a mixer according to a first embodiment of the present
invention:

F1G. 3 shows a schematic arrangement of patterns of

a mixer according to a second embodiment of the pres-
ent invention;

FI1G. 4A shows a top plan view of a mixer of the first
embodiment using a first embodiment of the balun por-
tion;

FI1G. 4B shows a cross-sectional view of the mixer
shown in FIG. 4A;

FIGS. 5A to 5C show a second embodiment of the
balun used in the first embodiment mixer of FIG. 2, and

FIG. 5A 1s a top plan view,

FIG. 5B being a cross-sectional view,

FIG. §C being a top plan view of only an additional
substrate: and

FIGS. 6A to 6C show a third embodiment of the
balun used 1n a third embodiment mixer, and

FI1G. 6A 1s a top plan view,

FIG. 6B being a cross-sectional view,

FIG. 6C being a top plan view of only an additional
substrate.

The same or corresponding elements and parts are
designated at like reference numerals throughout the
drawings.

DETAILED DESCRIPTION OF THE
INVENTION

Prior to describing embodiments of the present inven-

~ tion, conventional devices will be described with refer-
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ence to FIG. 1 for a better understanding of the present
invention. |

FIG. 1 shows schematically an arrangement of pat-
terns forming a conventional diode mixer of single bal-
anced type which comprises a balun formed by conduc-
tor patterns on a dielectric substrate. The references 1,
2 and 3 are respectively a signal input terminal, a termi-
nal for deriving an intermediate frequency signal, and a
terminal for inputting a local oscillator signal which are
all formed of microstrips or striplines of 50 ohms. A first
coupling line 4 and second coupling lines § and 6, which
are spaced apart by a pattern gap 7, function as parallel
coupling lines. A junction between the second coupling
lines 5 and 6 1s grounded by way of a grounding line 8.
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The reference 9 is an open-ended stub which forms a
balun 10 at the local oscillator frequency band together
with the parallel coupling lines 4, § and 6, and the
grounding line 8. |

To one output line 11 of the balun 10 1s connected one
end of a parallel circuit of a resistor 13 and a capacitor
15, while one end of another parallel circuit of a resistor
14 and a capacitor 16 is connected to another output line
12 of the balun 10. A series circuit of two diodes 17 and
18 connected such that cathode of one diode is con-
nected to anode of the other, is interposed between the
other ends of the above-mentioned two parallel circuits.
- The references 19 and 20 are parts forming a diplexer
for separating input and output signais from each other.
More specifically, the part 19 is a low pass filter for
input radio frequency signal (RF), while the other part
20 is a high pass filter for output intermediate frequency
signal (IF). A portion where the local oscillator signal
passed through the balun 10 is mixed with the input
radio frequency signal is an input junction of the mixer,
and this input juction is formed by a first connecting
portion between the cathode and anode of the diodes 17
and 18 and by a second connecting portion between the
parts 19 and 20 of the diplexer. This input junction is
actualized by a conductor pattern 21.

Although the mixer shown in FIG. 1 provides rela-
tively satisfactory noise figure (NF) and third order
intermodulation distortion characteristics, there has
- been a drawback that a desired characteristic for second

order intermodulation distortion could not be obtained.
- Referring now to FIG. 2 an arrangement of patterns
according to a first embodiment diode mixer according
to the present invention is shown. The references 1, 2
and 3 are respectively a signal input terminal, a terminal
for deriving an intermediate frequency signal, and a
terminal for inputting a local oscillator signal which are
all formed of microstrips or striplines of 50 ohms. A first
- coupling line 4 and second coupling lines § and 6 which
~are spaced apart by a patternr gap 7 form parallel cou-
~ pling lines. A junction between the second coupling

~ lines 5 and 6 is grounded by way of a grounding line 8.
The reference 9 is an open-ended stub which forms a
balun 10 at the local oscillator frequency band together
with the parallel coupling lines 4, S and 6, and the
grounding line 8.

To one output line 11 of the balun 10 is connected one
end of a parallel circuit of a chip resistor 13 and a chip
capacitor 1§, while one end of another parailel circuit of
a chip resistor 14 and a chip capacitor 16 i1s connected to
another output line 12 of the balun 10. A series circuit of
two Schottky barrier diodes 17 and 18 connected such
that cathode of one diode i1s connected to anode of the
other, is interposed between the other ends of the
above-mentioned two parallel circuits. The references
19 and 20 are parts forming a diplexer for separating
input and output signals from each other. More specifi-
cally, the part 19 1s a low pass filter for input radio
frequency signal (RF), while the other part 20 is a high
pass filter for output intermediate frequency signal (IF).

The mixer shown in FI1G. 2 differs from the conven-
tional one shown in FIG. 1 in that the input junction of
the mixer is divided into two parts, one being a first
connecting portion 23 between the cathode and anode
of the diodes 17 and 18, and the other being a second
connecting portion 24 between the parts 19 and 20 of
the diplexer used for separating input and output signals
from each other. The first connecting portion 23 1s
grounded via a choke coil 22, while a line 25 having an
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4

inductance is interposed between these first and second
connecting portions 23 and 24.

With the above circuit arrangement, the correction of
the impedance at the input junction 21 can be peformed
throughout a wide band using the line 25 having an
inductance, and therefore, characteristics of intermodu-
lation distortion of second and third orders can be bet-
tered. The first junction 23 is of open circuit in connec-
tion with radio frequency due to the presence of the
choke coil 22, and is regarded that it 1s grounded via a
low impedance in connection with d.c. current. As a
result, the degree of balancing operation as a mixer can
be improved, and therefore second order intermodula-
tion distortion characteristic can be bettered.

FIG. 3 shows an arrangement of patterns of a second
embodiment mixer. The second embodiment differs
from the above-described first embodiment in that the
choke coil is interposed between the second connecting
portion 24 and ground rather than between the first
connecting portion 23 and ground, and in that the choke
coil is formed of a conductor pattern 22a.

In this way as long as the choke coil is of low impe-
dance with d.c. and of sufficiently high impedance with
a high frequency, the style or sort of the choke coil is
not limited to that shown 1in FIG. 2. Furthermore, the
choke coil 22 or 22a may be connected to either the first
junction 21, 1.e. diode connecting portion, or the second
junction 24, i.e. diplexer connecting portion.

From the above it will be understood that it 1s possi-
ble to actualize low noise and low distortion character-
istics by the mixer in which a line 25 having an induc-
tance is connected to the input juntion 21 while a choke
coil 22 or 22a for grounding through a low impedance
in connection with d.c. current is provided, and by

selecting the value of the resistors 13 and 14, and capaci-

tors 15 and 16.
In the above embodiment, although the line 25 hav-

ing an inductance is used, such a line 25 may be short-
circuited, namely, such a line 25 is not required to be
provided in a particular case where a combined 1mpe-
dance of the balanced circuit side of the balun 10 and
mixing diodes 17 and 18 is equal to the impedance of the
parts 19 and 20 of the diplexer. However, it 1s usually
difficult to obtain such impedance maiching throughout
a wide frequency range, and therefore the line 25 hav-
ing an impedance is usually necessary.

FIGS. 4A and 4B show a top plan view and a cross-
sectional view of only the portion of the balun of a third
embodiment mixer. The cross-sectional view of FIG.
4B is taken along a center line IVB—IV B’ which passes
through the center of a grounding line 8 in FIG. 4A.
The balun 10 used in this embodiment differs from those
of the previous embodiments in that the the first cou-
pling line 4 and the second coupling lines § and 6 are
respectively formed on different sides of the substrate
34 on which vanous elements of the balun are formed.
In FIG. 4A, a portion which is on the back side is
shown by hatching. The first line 4 and the second lines
S and 6 are not required o be accuraiely overlapped
each other. In other words, the first line 4 may be
shified from the position of the second lines 5 and 6
depending on a desired coupling degree. A junction
between the second lines 5 and 6 1s grounded by way of
a grounding line 8. The reference 9 1s an open-ended
stub which forms a balun 10 at the local oscillator fre-
quency band together with the parallel coupling lines 4,
S and 6, and the grounding line 8.
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'To one output line 11 of the balun 10 is connected one
end of a parallel circuit of a chip resistor 13 and a chip
capacitor 15, while one end of another parallel circuit of
a chip resistor 14 and a chip capacitor 16 is connected to
another output line 12 of the balun 10. The value of the
resistors 13, 14 and the capacitors 15, 16 are selected so

as to actualize low distortion characteristic without

iIncreasing conversion loss. A series circuit of two
Schottky barrier diodes 17 and 18 connected such that
cathode of one diode 1s connected to anode of the other,
is interposed between the other ends of the above-men-
tioned two parallel circuits. The references 19 and 20
are parts of a diplexer for separting input and output
signals from each other. More specifically, the part 19 is
a low pass filter for input radio frequency signal (RF),
while the other part 20 is a high pass filter for output
intermediate frequency signal (IF).

The grounding line 8 is connected to an earth pattern
31 and chassis 33, as seen in FIG. 4B, via shorting plate
32 inserted in a through-hole made in the substrate 34.

When coupling lines are formed on both sides of the
substrate 34, there is a fear of disadavantage on con-
struction of a stripline since the earth pattern 31 cannot
be provided as an entire surface earth pattern due to the
presence of the coupling line 4 on the side of the earth
pattern 31. However, the arrangement of FIG. 4 in
which the earth pattern 31 is not an entire surface earth
pattern due to the presence of the coupling line 4 1s not
disadvantageous compared to the case of FIGS. 2 and 3
because the earth pattern on the other side of coupling
liens 4, 5 and 6 of FIGS. 2 and 3 1s partially removed
with a width of approximately 2 to 3 millimeters since
capacitance between the earth pattern and the coupling
hnes 4, 5 and 6 causes the increase in conversion loss in
the arrangement of FIGS. 2 and 3 where the conductor

patterns of the balun are formed on only one side of the
substrate.

When the above-described technique of forming con-
ductor patterns of a balun on both sides of a substrate is
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employed, a high precision of etching of the order of 40

100 micrometers for forming pattern gap is not any
more required, and therefore mass production at low
cost 1s now possible.

FIGS. SA to §5C and 6A to 6C show second and third
embodiments of the balun portion. FIGS. SA and 6A
are top plan views, FIGS. SB and 6B being cross-sec-
tional views taken along the lines VB—VB’ and VIB—-
VIB' respectively, FIGS. 5C and 6C showing top plan
views of another substrate.

In the case of FIGS. 5A to 5C, the parallel coupling
lines 4, § and 6 are formed on a dielectric substrate
(circuit board) 35 which is different from the substrate
(circuit board) 34 of the mixer body. The substrate 35
carrying the parallel coupling lines 4-6 is attached such
that its one edge is received in a groove made in the
surface of the substrate 34 of the mixer body. As a re-
sult, the substrate 35 is supported at a right angle with
respect to the other substrate 34. On one surface of the
substrate 35 are formed the first coupling line 4, a por-
tion of 50-ohms stripline 3 and a portion of an open-
ended stub 9. On the other surface of the substrate 35
are formed the second coupling lines 5 and 6, a ground-
ing line 8, and a portion of the output lines 11 and 12 of
the balun.

Respective lines 3, 9, 11 and 12 to be connected to
conductors on the mixer substrate 34 are connected to
lines 3', 9', 11" and 12’ by means of solder 36. Since the
substrate 35 does not have a stripline structure where
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one surface of the substrate 1s entirely covered by an
earth conductor, it is desired that an area of lines, which
are not coupled with lines on the other side of the sub-
strate 3§, 1s as small as possible in view of mounting. In
addition, lines other than the parallel coupling lines 4, 5
and 6 are desired to be arranged so that the degree of
couphing at the front and rear of the substrate is as small
as possible as shown 1n FIG. 5C like the case between
lines 3’ and 11' and between lines 9' and 12'. The
grounding hine 8 1s connected to the earth plate 31.
Although this embodiment requires the separate or
additional dielectric substrate 35, the use of the separate
substrate 35 gives freedom in circuit arrangement. As a
result, the material and the thickness of the substrate
used for the balun, which is an important portion within
a mixer in view of achieving low distortion, can be
changed from those of the substrate of the mixer. In
addition, the length of the grounding line 8 can be made
shorter than that in the arrangement of connecting from
one side to the other side of the substrate.
Furthermore, the scattering in characteristics when
mounting can be relativley small, and it i1s advantageous
that the length of the grounding line 8 is short because
it leads to satisfactory balancing and therefore to low
distortion. This embodiment does not require sophisti-
cated etching techniques and therefore mass production

of the mixers is possble in the same manner as in the
previous embodiements.

In the further embodiment of FIGS. 6A to 6C, the
substrate 35 is received in a through-hole made in the
substrate 34 so that both edges of the substrate 35 pro-
trude from the {front and rear surfaces of the substrate 34
respectively. As will be understood from FIGS. 6A and
6B, the lines 3 and 9 at the local oscillator signal side are
formed on one side of the substrate 34 while output lines
11 and 12 of the balun are formed on the other side of
the substrate 34. In this embodiment, the length of the
grounding line 8 can be further reduced.

In this way when parallel coupling lines forming a
balun used for a mixer handling a frequency of several
GHz are formed on both sides of a printed circuit board
or substrate, the scattering in characteristics of the

balun per se and mixer including such a balun can be
reduced. As a result, balancing of the balun is readily

obtained while 1t is possbile to provide mixers of low
distortion and low noise which can be mass produced at
a low cost without requiring sophisticated etching tech-
niques.

What 1s claimed is:

1. In a mixer of single-balanced type having a balun
for outputting an intermediate frequency from an input
junction using a local oscillator signal fed to an unbal-
anced circuit side of said balun and a radio frequency
signal inputted to said input junction, said input juction
connected to a balanced circuit side of said balun,
wherein said balun is formed of a first coupling line
between an input for said local oscillator signal and an
open end stub, a pair of second coupling lines separated
from said first coupling line by a gap, and a grounding
line for said second coupling lines,

the improvement comprising a choke coil

sald choke coil connected between said input junc-

tion and ground,

said input junction comprising a junction connecting

an input for said radio frequency signal and diodes
connected to output lines of said balun, said output
lines being respectively connected to said second
coupling lines.
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2. A mixer as claimed in claim 1, wherein said input
junction comprises:

(a) a first connecting portion which is a junction

between two mixing diodes;

(b) a second connecting portion which 1s a junction
between a low pass filter of a radio frequency input
side and a high pass filter of an intermediate fre-
quency output side; and

(c) a line having an inductance, which is int erposed
betweern said first and second connecting portions.

3. A mixer as claimed in claim 2, wherein said choke
coil is interposed between said first connecting portion
and ground.

4. A mixer as claimed in claim 2, wherein said choke
coil is interposed between said second connecting por-
tion and ground.

5. A balun comprising a first coupling line having a
line for unbalanced circuit input at one end and an open-
ended line at the other end, and a second coupling line
whose midway point is grounded, said first and second
coupling lines being formed respectively on different
sides of a substrate, both ends of each of said first and
second coupling lines being connected via conducting
members to lines on another substrate which is con-
nected to said first-rnentioned substrate.

6. A balun as claimed in claim §, further comprising
balanced output lines of open ended type, which are
provided at both ends of said second coupling lines,

respectively, for connecting external circuits to an input
junction formed between diodes connected to said re-
spective output lines and connected to receive a radio

frequency signal input.
7. A balun comprising a first coupling line having a
line for unbalanced circuit input at one end and an open-
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ended line at the other end, and a second coupling line
whose midway point is grounded, said first and second
coupling lines being formed respectively on different
sides of a substrate, said substrate comprising first and
second substrate where said second substrate 1s substan-
tially normal to said first substrate, said first and second
coupling lines being formed respectively on both sides
of said second substrate, both ends of each of said first
and second coupling lines being connected via conduct-
ing members to lines on said first substrate,

8. A mixer characterized by comprising a balun hav-
ing a first coupling line having a line for inputting a
local oscillator signal at one end and an open-ended line
at the other end, and a second coupling line having at 1ts
both ends open-ended balanced output lines which are
provided at the both ends respectively for connecting
circuit elements of said mixer to an input junction, a
midway point of said second coupling line being
grunded, said first and second coupling lines forming
parallel coupling lines which are formed respectively
on different sides of a first substrate, said first substrate
connected to a second substrate on which lines other
than said parallel coupling lines of said mixer are
formed. |

9. A mixer as claimed in claim 8, wherein said sub-
strate of said mixer comprises a first substrate and a

second substrate which is attached to said first substrate

such that said second substrate make a substantially

right angle with respect to said first substrate, said first
and second coupling lines being formed on both sides of
said second substrate, both ends of said first and second

coupling lines being connected via conducting members

to lines on said first substrate.
* X ¥ b
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